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Early developmental expression and experimental axis
determination by the chicken Vg1 gene
Eduardo A.P. Seleiro, David J. Connolly and Jonathan Cooke
Background: Genes of the transforming growth factor b (TGFb) superfamily
have been implicated in the earliest steps of developmental patterning in
vertebrates. In Xenopus, the Vg1 gene is a candidate for the initiator of axis
formation: its RNA and protein are broadly but appropriately localized at the start
of development, and processed Vg1 protein is a powerful inducer of organized
axial tissue in blastular animal caps in vitro and when locally produced in vivo
after injection of Vg1 mRNA into blastomeres. Site-specific proteolytic
processing occurs ubiquitously for most TGFb members, producing the active
peptide ligand, but is tightly restricted, by unknown mechanisms, for endogenous
Vg protein in Xenopus and zebrafish embryos. This restriction may be involved in
the spatial localization of activity required for an organizing role.
Results: We have characterized an amniote (chick) orthologue of Vg1, cVg1,
and examined its developmental expression. The early expression of cVg1
includes a phase broadly related to the known time and site of axis (primitive
streak) initiation; the initial transcription of cVg1 is centred in the posterior
marginal zone (PMZ), a region of the blastoderm known to contain the axial
organizing activity at this stage. We also observed later neural and paraxial
mesodermal expression of cVg1, which has not been described previously for Vg
homologues in other vertebrates. We have grafted transfected COS cells,
producing processed cVg1 protein, to peripheral positions around the chick
early blastoderm. Such grafts initiate formation of morphologically complete
primitive streaks, simulating the properties of grafts from the PMZ.
Conclusions: In vertebrate development, Vg genes may be required for an
evolutionarily conserved early step in positioning or induction of the axis.
Background
The small secreted proteins of the transforming growth
factor b (TGFb) superfamily have been implicated in the
initiation of vertebrate embryo patterning. For example,
activin is a powerful experimental inducer of axial meso-
and endoderm in Xenopus blastular animal cap tissue [1,2],
mimicking a normal signalling process from the yolky
vegetal region of the egg into this tissue during blastula
stages [3]. The injection of mRNA encoding a dominant-
negative, truncated activin receptor into Xenopus eggs pre-
vents axis formation, and may interfere with all induction
of mesoderm [4,5]. Although activin transcripts and pro-
teins are present in the early development of various ver-
tebrates [6,7], it is not clear whether their spatial and
temporal distribution is precisely that required for the
endogenous axial inducer(s) initiating gastrulation. In
Xenopus, another member of the superfamily, Vg1, is an
endogenous candidate for such a primary role: Vg1 RNA
and unprocessed protein are broadly but appropriately
localized throughout the yolky vegetal region from the
start of development into blastular stages [8]. The homol-
ogous zebrafish gene, zDVR1, and its unprocessed protein
are also expressed in earliest development, but are essen-
tially ubiquitous [9,10], and the zDVR1 RNA lacks a long
3′ untranslated region which includes sequences involved
in subcellular localization of Vg1 RNA within the Xenopus
oocyte structure [11,12]. 
Following dimerization and secretion of the TGFb super-
family proteins, site-specific cleavage is necessary to
produce an active ligand from the carboxy-terminal end of
the full-length precursor polypeptide. This cleavage
occurs readily and ubiquitously for most members of the
superfamily, but appears to be tightly restricted, by
unknown mechanisms, for the endogenous Vg genes
within Xenopus and zebrafish embryos [10,13–15]. Such
restriction may provide a level of control over localization
of a signal — beyond that given by localized transcripts or
translated pro-protein — in that spatial overlap with spe-
cific proteolytic machinery could be required for release of
active ligand. Thus, while Xenopus Vg1 transcripts and full-
length protein are expressed all around the vegetal hemi-
sphere, axial-inducing properties develop only on a more
restricted sector of this region [16,17]. In zebrafish, the
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discrepancy between a proposed localized function and
the initial ubiquitous expression of zDVR1 transcripts and
pro-protein would be even greater.
In agreement with these ideas, injected native Xenopus Vg1
RNA will not ‘rescue’ axial development in eggs whose
normal capacity for this has been removed by pre-cleavage
UV irradiation, or cause ectopic axis formation in normal
eggs. However, an injected chimeric RNA, engineered to
produce the Vg1 mature carboxy-terminal peptide by
fusing its coding sequences in-frame to those for the
amino-terminal pro-protein and processing site of a
related, freely processed TGFb member, is highly effec-
tive in these assays [13,14]. In freely secreted form, Vg1
ligand is also a powerful inducer of organized axial tissue
when used to treat animal cap cells in vitro [15].
The Vg1 ligand is therefore a prime candidate for an early,
and perhaps the principal initiating intercellular signal in
axial organization of Xenopus, and may have an evolution-
arily conserved role despite the diverse anatomies of early
development in the different vertebrate classes. We have
isolated and characterized an amniote (chick) orthologue
of Vg1, cVg1, and examined its early developmental expres-
sion pattern. This expression includes a broadly graded
localization at preaxial stages, within the blastoderm struc-
ture, at the known time and site of axis (primitive streak)
initiation [18–22]. In addition, we have observed a later
expression pattern, in axial stages, which has not hitherto
been reported for Vg1 homologues in other species.
The bird embryo offers an experimental advantage, in that
ectopic sources of candidate developmental signals can be
implanted precisely at pre-gastrula stages. The effects of
these grafts can then be monitored closely in culture,
where development occurs normally over the subsequent
24 hour period of axis formation. We find that COS cell
grafts producing processed cVg1 protein, implanted into
the chick early blastoderm margin far from the expected
site of primitive streak (embryonic axis) formation, can
relocate this single site to their vicinity. Alternatively, they
can initiate formation of a complete second axis. We
propose that a Vg gene has a central conserved role in ver-
tebrate axial positioning and initiation, and we discuss
possible sequential relationships between the functions of
this, and other, related genes, in view of recent findings in
chick, Xenopus and mouse [7,23–29].
Results and discussion
Cloning of a chick Vg1 gene
Using reverse transcription coupled to the polymerase chain
reaction (RT–PCR), a chick Vg probe was generated from
chick blastoderm RNA (degenerate primers were
designed to select Vg-related sequences [30]). Screening of
a stage 11 chick cDNA library using this 117 bp probe iden-
tified several cDNA clones, of which the longest, of
1.28 kb, contained a complete open-reading frame (cVg1).
The predicted protein encoded by cVg1 is of 41.5 kDa, and
is strongly conserved relative to Xenopus and zebrafish Vg
proteins (70.5 % and 65.5 % amino-acid sequence similarity,
respectively). There is an amino-terminal signal sequence,
and an internal proteolytic processing site whereby cleavage
would produce a 118 amino-acid carboxy-terminal peptide
(Fig. 1). This peptide contains the typical pattern of seven
cysteine residues and is very strongly conserved relative to
processed Xenopus and zebrafish Vg mature peptides
(83.7 % and 89.0 % similarity, respectively). Interestingly,
the cDNA resembles that of zebrafish zDVR1 in lacking the
substantial 3′ untranslated region associated with the cellu-
lar localization of the Vg1 mRNA in Xenopus [11,12].
Expression of chimeric Vg1 constructs
To further test the likely orthology of cVg1 to Xenopus 
and zebrafish Vg genes, we made a chimeric construct, cBVg,
encoding a protein composed of the amino-terminal pro-
region and processing site of chick bone morphogenetic
protein 4 (BMP-4) and the carboxy-terminal mature region
of cVg1. We injected ventral, sub-equatorial marginal blas-
tomeres of 32–64 cell Xenopus embryos with capped RNA
made from the entire native cVg coding sequence, from
cBVg and from a similar chimeric construct between activin
and Xenopus Vg1, xAVg [15]. The activity of these constructs
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Figure 1
Alignment of the amino-acid sequences of the mature region of cVg1
with the corresponding sequences of Xenopus Vg1 (xVg1) and
zebrafish zDVR1. Vertical lines indicate identical residues The amino
acids forming the internal tetrabasic processing site are shown in bold;
the seven conserved cysteine residues are indicated by asterisks; gaps
introduced in the sequences are indicated by hyphens. Boxed areas
show the conserved regions from which the degenerate
oligonucleotides used in the amplification of a chick Vg-specific probe
were designed [30].
256                                                      274
cVg1 ArgArgArgArgSerAla – TyrAsnValProValThrProSerAsnLeuCysLysPro
zDVR1 ½ ½ Lys ½   Ser  TyrLeu       Val   
xVg1 ½ ½ Lys ½  TyrSer – LysLeu  Phe  Ala   Ile   Lys
*
275                                                      294
ArgArgLeuTyrIleSerPheSerAspValGlyTrpGluAsnTrpIleIleAlaProGln
     Asp  Lys     GlnAsp      
 His   ValGlu  Lys     Gln   Val    
295                                                      314
GlyTyrMetAlaAsnTyrCysLeuGlyGluCysProPheProLeuThrAlaGluLeuAsn
  Leu     His        SerGluSer  
       Tyr     Tyr    GluIle  
* *
315                                                      334
SerThrAsnHisAlaIleLeuGlnThrMetValHisSerLeuAspProGluGlyThrPro
Gly         Leu    Phe   Lys   
GlySer        Leu    IleGlu   AspIle 
335                                                      354
GlnProCysCysValProValArgLeuSerProIleSerIleLeuTyrTyrAspAsnSer
      IleLys      Met      Asn
Leu      ThrLysMet     Met  Phe    Asn
* *
355                                                   373
AspAsnValValLeuArgHisTyrGluAspMetValValAspGluCysGlyCysArg
                  
         Asn  Ala       
* *
was compared in  six experiments, such that more than 300
embryos were injected. As with Xenopus Vg1, native cVg was
without effect (up to 100 pg RNA injected; Fig. 2a)
whereas 10–60 pg of injected cBVg RNA caused severe
developmental disturbances. Lower amounts (10 pg)
tended to cause the formation of incomplete second axes
(20–40 % of cases; Fig. 2b,c), revealed on histological exam-
ination to be composed of segmenting somite (muscle) with
a small associated neural tube. Such axes rarely reached the
level of ear vesicle formation anteriorly, or contained noto-
chord, but were characteristically associated with a second
archenteron (Fig. 2d,e). The formation of these axes was
preceded by vigorous ectopic gastrulation movements at
the injection site, resembling those of the early, dorsal axial
part of normal gastrulation with pronounced bottle cell
formation. Although the induction of complete axial devel-
opment has been recorded [13], this sort of incomplete
second axis is induced typically in normal embryos by
injecting Xenopus BVg chimeric RNAs [14], and indeed by
other inducing RNAs such as activin. The injection of
higher concentrations of cBVg caused the entire gastrulation
to be aberrant, suggesting the conversion of much of the
embryo into archenteron endoderm (data not shown). This
apparent respecification was throughout the embryo,
extending greatly beyond the small domain of the clonal
descendants of the injected blastomere.
The cBVg RNA was considerably more effective than xAVg
RNA [10,15] in causing these transformations of develop-
ment. In a typical experiment, where 20–40 pg of either
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Figure 2
Induction of second axes in Xenopus embryos
by cVg1. (a) Embryos injected with capped
RNA made from cVg. Development was
indistinguishable from that of water-injected
controls (data not shown). (b–e) Embryos
injected with capped RNA made from the
chimeric construct cBVg (see text). (b)
Injection of cBVg RNA induced the formation
of incomplete second axes. (c) Higher
magnification of an embryo with a cBVg-
induced second axis. (d,e) Transverse
sections of two embryos with cBVg-induced
second axes. These axes are predominantly
composed of somite, with a small amount of
neural tissue; typically, they do not contain
notochord. Scale bar, 0.5 mm in (a–c) and
50 mm in (d,e). Second axes in (b) are
indicated by white arrows; small arrowheads
in (c) indicate the dorsal midlines of ‘host’ and
second axes. Abbreviations: a, archenteron; e,
eye; n, notochord; nt, neural tube; s, somite.
carefully quantified RNA was injected into matched series
of 32-cell embryos, 30 of 31 cBVg-injected cases were of
the extreme globally disorganized type and one had a
second axis; of 41 xAVg-injected embryos, 10 had similar
second axes, 10 had slightly disturbed gastrulation only
(wide blastopores and additional tailfins) and 21 showed
normal single development. We allude to this later in rela-
tion to the secretion properties of these constructs.
Expression pattern of cVg1 at axial stages
We prepared specific probes for the cVg1 gene and studied
its early developmental expression (Fig. 3). Northern
blotting (and RNAse protection; data not shown) revealed
that the relative abundance of cVg1 mRNA in whole embryo
RNA was considerable in early pre-streak blastoderms,
increased somewhat before primitive streak formation
[31,32], and then gradually declined to much lower levels
within whole blastoderms in later stages (Fig. 3a). This
pattern resembled the temporal expression of the Xenopus
and zebrafish Vg genes [8,9]. In wholemount in situ
hybridizations, however, expression was detected only from
early streak stage 2+ onwards (Figs 3c–h and 4). This appar-
ent discrepancy is only understandable if early, lower-level
expression was extensive within the small blastoderm,
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Figure 3
Analysis of cVg1 expression. (a) Northern
blot of whole chick embryo RNA. A cVg1-
specific probe detects a single transcript of
approximately 1.4 kb. The lower panel shows
the result of the hybridization of the same
blot with a loading control. (b) Western blot
of whole chick embryo protein. The anti-Vg1
antibody (FC.14F6; [8]) detects a group of
bands of the predicted size for the
unprocessed cVg1 protein. The presence of
several bands reflects the detection of
different glycosylated forms of the protein
[8]. Processed cVg1 ligand was not
detected. (c–h) Wholemount in situ
hybridization. All embryos are shown in
dorsal view and anterior is to the left. (c)
Stage 3 embryo [32]: expression is first
detected in the primitive streak, both in the
ectoderm and in the emerging mesoderm
(see also Fig. 5f). (d) Stage 5 embryo:
expression persists in the streak and also
occurs at low levels in migrating embryonic
mesoderm. (e) Stage 6 embryo: expression
is seen in a broad ectodermal domain
anterior to the regressing node; high-level
mesodermal expression is present in
domains just anterior and lateral to the node
(see Figs 4a–d and 5g). (f) Stage 7 embryo:
ectodermal expression becomes restricted to
the neural plate; mesodermal expression is in
the presegmental plate and in the forming
somites (see Fig. 4e). (g) Stage 10+ embryo:
neural expression is rapidly downregulated
and is finally detected transiently in
rhombomeres 3 and 5; mesodermal
expression is maintained in the presegmental
plate and in the posterior halves of recently
formed somites. (h) Higher magnification
view of the embryo in (g), showing somitic
expression. (i,j) Wholemount immunostaining
using the monoclonal anti-Vg1 antibody
FC.14F6. Note the similar expression pattern
of the protein and RNA (compare with (g,h))
in presegmental plate and somites; the
mesodermal location was confirmed by
sectioning (data not shown). (i) Stage 8
embryo. (j) Stage 10+ embryo. Scale bar,
0.5 mm. Dashed lines in (e,f) indicate the
levels of the sections shown in Figure 4.
Abbreviations: hb, hindbrain; n, Hensens
node; np, neural plate; nt, neural tube; pm,
presegmental plate mesoderm; ps, primitive
streak; s, somites; sp, segmental plate.
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whereas later, higher-level expression was restricted to spe-
cific, relatively small regions (as seen) within a rapidly
expanding blastoderm. The relative abundance of cVg1
mRNA within whole blastoderm RNA in a northern blot
would therefore decline smoothly with development.
Specific post-gastrular expression has not been described
for Xenopus or zebrafish Vg genes. In the case of cVg1,
wholemount in situ hybridization showed expression of this
gene along the shoulders of the primitive streak from stage
2+–3, particularly in a broad posterior region, with increas-
ing levels of expression in ingressing mesodermal cells as
the streak elongated (Fig. 3c,d; see also Fig. 5f). By stage 5,
expression in the regressing node itself was downregulated,
and strong mesodermal expression began to be apparent in
a horseshoe-shaped domain just anterior and lateral to the
node (Figs 3d,e and 4b,c). This fate-maps to a paraxial
region anterior to, but in series with, mesoderm that will
segment as somites. Around stage 6, low-level ectodermal
expression appeared in an anterior domain, broadly fate-
mapping to peripheral early neural plate; however, midline
neural regions did not appear to express cVg1 at this stage
(Figs 3e and 4a,b). At stage 7, strong expression was seen in
the closing neural tube and in paraxial mesoderm, both in
the presegmental plate and in the forming somites (Figs 3f
and 4e). At later stages, as the neural tube closed, the
expression was downregulated rapidly in its ventral regions,
and was only maintained transiently in the hindbrain in
rhombomeres 3 and 5. Mesodermal expression was main-
tained in the posterior presegmental plate and in the poste-
rior halves of the 7–9 most recently formed somites (Fig.
3g,h). At these late stages, the progressively dorsally
restricted expression in the neural tube cross-section, and
the later rhombomere expressions, are of interest in view of
increasing experimental evidence for roles of TGFb super-
family members in early dorsoventral [33,34] and antero-
posterior [35] neural organization. In mesoderm, restriction
to the posterior halves of recently segmented somites is
also interesting — for instance, in view of differences in the
properties of anterior and posterior somite tissue in relation
to maintenance of segmentation itself, or to neural crest
migration [36].
Western blotting and wholemount immunohistochemistry
revealed that a monoclonal antibody (FC.14F6; [8]) raised
against processed Xenopus Vg1 peptide also recognized
cVg1 specifically (Fig. 3b,i–j). Over a series of embryos,
protein distribution generally followed that of the cVg1
RNA at axial stages, although the protein pattern in meso-
derm was more reproducible than that in the neural tube
(Fig. 3g–j). As the antibody will recognize its epitope both
before and after peptide processing, we have presently no
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Figure 4
Sections of wholemount in situ hybridizations
showing the expression of cVg1 RNA in the
different germ layers. (a–d) Sections through
a stage 6 embryo at progressively more
posterior positions (indicated in Fig. 3e). (a)
At a level just anterior to Hensens node, low
levels of expression are seen both in
neurectoderm (presumptive neural plate) and
underlying mesoderm. Expression is almost
absent from midline regions. (b) Behind the
node, highest expression levels are seen in
emerging anterior paraxial mesoderm, but
overlying neurectoderm (presumptive neural
plate) also expresses cVg1. (c) At mid-streak
level, there is general expression in migrating
mesoderm but little expression in ectoderm.
(d) Low levels of expression extend from the
posterior primitive streak laterally to include
extra-embryonic (presumptive area vasculosa)
mesoderm. (e) Section through the
presegmental plate region of a stage 7
embryo (indicated in Fig. 3f). Notochord does
not express cVg1, but expression is detected
in the unsegmented paraxial mesoderm and in
the neurectoderm. Note reduced expression
level near ventral neural midline. Scale bar,
100 mm. Abbreviations: em, extra-embryonic
mesoderm; Hn, Hensens node; m, mesoderm;
n, notochord; ne, neurectoderm; np, neural
plate; pm, presegmental plate mesoderm; ps,
primitive streak; sp, segmental plate.
information as to whether the distribution of mature cVg1
ligand is in turn ubiquitous within that of RNA translation
at these stages.
The expression of cVg1 at the earliest developmental
stages
Despite superficial anatomical differences, the structure
and events accompanying axis formation in the bird blasto-
derm resemble, quite closely, those in the mouse egg
cylinder. Axis formation results in the setting-up of a fate-
map whereby a region that will form the embryo proper is
set aside within a structure, the rest of which will become
extra-embryonic. The primitive streak, from which all
mesoderm and endoderm of the embryo proper are finally
derived, forms in the epiblast layer (equivalent to primitive
ectoderm) at one point near the blastoderm margin. Wide-
spread convergence movements towards this position occur
in epiblast beforehand [18,37]. An early structural sign that
this position has been singled out — that the blastoderm’s
initial radial symmetry has been broken — is a transient
crescent-shaped thickening in marginal epiblast, Koller’s
sickle (see diagram in Fig. 6b). In the following hours
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Figure 5
Analysis of the early expression of cVg1 by in situ hybridization on
sections with a 35S-labelled probe. Roman numerals denote stages
preceding streak formation [31]. Where relevant, anterior is to the left.
(a) Diagrams of chick embryos at the stages presented in (b–g)
showing the approximate position and planes of section. (b)
Longitudinal section through a stage XI embryo. (c) Similar section
through a stage XII embryo: note strong expression in the posterior
epiblast at early stages, along with expression in superficial and deep-
lying cells of the posterior area opaca, and lower levels in the
emerging hypoblast. (d) Somewhat oblique transverse section at the
posterior end of a stage X–XI embryo: note the high levels of
expression in cells of both the posterior area opaca and in the 
deep-lying yolky cells of the posterior germ wall, which in this
specimen have separated from the epiblast. (e) Section, adjacent to
that shown in (d), hybridized with a sense control probe. (f) Oblique
section grazing the newly formed streak of a stage 2+ embryo [32]:
high levels of expression are present in ectoderm in the vicinity of the
streak and in emerging mesoderm. (g) Oblique section just posterior
to the node region of a stage 6 embryo, showing considerable
downregulation of expression in ectoderm with highest levels of
expression in anterior paraxial mesoderm. Scale bar, 0.2 mm.
Abbreviations: ao, area opaca; e, epiblast; ec, ectoderm; gw, germ
wall; h, hypoblast; Ks, Koller’s sickle; m, mesoderm; n, Hensens node;
np, neural plate; pm, paraxial mesoderm.
before streak formation, a further cell population, the
hypoblast, forms progressively beneath the epiblast begin-
ning at the same position. Details of the cell lineage and
local developmental signalling relationships between
these structures are currently unresolved [19–23,38], but
there is agreement that the region as a whole, termed the
posterior marginal zone (PMZ), is the centre of a graded
streak-inducing activity restricted to earliest blastoderm
stages [22,39].
The dynamic organization of bird (and presumably mam-
malian) development at these stages differs importantly
from that of Xenopus. In normal Xenopus eggs, after the
events of the first cell cycle, the sector on the egg where
the dorsal midline or axis of symmetry will develop is
fixed [40]. A site develops on this sector which, if grafted
from a donor into any sector around a host blastula or gas-
trula, will act autonomously to induce a second dorsal-axial
development there [41]. In bird development, preliminary
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Figure 6
Effects of cVg1-producing grafts on chick
blastoderms. (a) Western blot of protein extracts
from transfected COS-7 cells. The anti-Vg
antibody detects a group of bands of the
appropriate size for the unprocessed native and
chimeric proteins. A band of approximately
14 kDa, corresponding to the predicted size of
processed cVg1 peptide, is abundant in cBVg-
transfected cells but is also detectable in cells
transfected with the native construct cVg. 
(b) Relative size and position of the graft in a
pre-streak (stage XI; [31]) chick blastoderm. 
(c–e) Results obtained with grafts of transfected
cells. (c) The graft has no effect and the streak
develops from the presumptive natural site of
axis formation (posterior end at right, near blue
beads placed at estimate of this site; see
Materials and methods). (d) The graft has
caused repositioning of the site of axis formation
so that the streak develops with posterior end at
graft, and far from original presumptive site
estimate (beads). (e) The graft has caused
induction of a second axis. (f–i) Expression of
genetic markers in experimentally twinned
blastoderm patterns. (f,g) Wholemount in situ
hybridization with a chick goosecoid probe [45].
Staining in the graft is an artefact, probably due
to cell death observed amongst the mammalian
graft cells in avian culture conditions. (We have
found a similar strong graft staining artefact, even
in untransfected grafts, with all the in situ probes
tested so far (including the sense control
probes) and even in the complete absence of
probe.) (f) Experimentally induced streak shows
appropriate goosecoid expression anteriorly, and
is distant from the host axis which, being older,
has downregulated its expression. (g) Both
streaks, in this case of similar stage, show the
normal localized expression of this gene in their
stage 4 nodes. (h,i) Wholemount immunostaining
with an antibody to brachyury, giving at these
stages specific staining in the twin streaks [44].
Note the separate posterior marginal expression
associated with each streak. (j) Transverse
section through the blastoderm in (i) showing the
expression of Brachyury protein concentrated at
the sites of ingression associated with each
streak. Graft-induced streak (at right) is more
obliquely sectioned than host streak. Scale bar,
0.5 mm in (c–i); 100 mm in (j). Abbreviations: ao,
area opaca; ap, area pellucida; b, beads; g, graft;
h, hypoblast; hf, headfold; Ks, Koller’s sickle; n,
Hensens node; ps, primitive streak. Arrowheads
mark the origins (posterior ends) of each streak
in twinned cases. 
specification of the position for dorsal–axial development
does not occur until 103–104-cell (blastula) stages [20].
Thereafter, the final determination of the PMZ site, and
ultimately streak formation, is progressive, and subject to
mechanisms of lateral competition around the marginal
zone [39]. PMZs grafted to foreign sites in host chick blas-
toderms may therefore induce formation of second
streaks, but more frequently only a single streak develops,
either at the site of the graft (when the graft is from an
‘older’ host) or at the original expected site (when the
graft is ‘younger’ than the host). These outcomes reveal a
graded and competitive system of cross-tissue signalling.
In order to investigate the role of cVg1 at these very early
stages in chick development, we used radioactive in situ
hybridization to sections. These results confirmed exten-
sive, but not ubiquitous, expression of cVg1 RNA in the
hours preceding normal streak formation (Fig. 5b–e). The
highest levels of expression were centred at the ‘posterior’
quadrant of the blastoderm, and were not associated
specifically with a particular cell layer or detailed struc-
ture. In the epiblast, there was graded expression which
increased towards the PMZ, centred in the area where the
streak was expected to form. The strongest expression was
seen in the vicinity of Koller’s sickle, extending back
through all layers to the edge of the blastoderm (Fig. 5b,c)
and including cells in the deep-lying yolky tissue of the
inner ‘germ wall’ area opaca (possibly equivalent to part of
the mouse ectoplacental cone) in this posterior sector only
(Fig. 5d). No expression was detected in equivalent ‘ante-
rior’ or ‘lateral’ regions of the marginal zone. cVg1 was also
expressed throughout the forming hypoblast, apparently
at somewhat lower levels than in the other posterior early
sites (Fig. 5a,b). Any intensity gradation cannot be
deduced from radioactive in situ signals, however, as this
cell sheet, which spreads progressively from the PMZ, is
attenuated and then discontinuous near its leading edge.
At later axial stages, which correspond to stages when the
wholemount signal was first observed, the radioactive in
situ signal was consistent with this in pattern, but con-
siderably denser than that observed in the younger
blastoderm (Fig. 5f,g). These results support our hypo-
thesis described above regarding the discrepancy between
western blotting and wholemount in situ detection at
earlier stages.
Experimental axis initiation
To test the hypothesis that cVg1 is a signal in the pathway
that determines the origin of patterned mesoderm — the
streak — we needed to make processed, active protein.
The injection of cBVg RNA into Xenopus oocytes, like that
of xBVg [13,14], failed to cause release of detectable
processed cVg1 protein into culture supernatants (data not
shown). Transfection of COS-7 cells with native cVg or
with cBVg resulted in expression of the corresponding
unprocessed protein. In the case of the chimeric construct,
an appreciable proportion of a peptide corresponding to
processed cVg1 was also detected, and native cVg pro-
duced lower, but detectable levels of this peptide — sug-
gesting that restrictions that operate in the embryo itself
were significantly bypassed (Fig. 6a). Soluble processed
protein could not be detected immunologically in culture
supernatants of either type of transfectant, and such
supernatants were negative or showed only very low activ-
ities in the Xenopus animal cap assay [42]. However, pairs
of animal caps sealed together, with their inner faces con-
tacting a pellet of the aggregated transfected cells, regu-
larly made elongation responses by control neurula stages.
This was never seen when control or vector-only trans-
fected COS-7 cells were used. Hence, neither cVg nor cBVg
efficiently mediates free release of ligand from healthy
cells; instead, secretion occurs in some form available only
to other adherent or closely associated cells. The chimeric
xAVg RNA, where secretion is controlled by an activin
protein pro-region, does cause free release [15].
Small grafts of such aggregated COS cells were placed in
the marginal zones of non-incubated (approximately 8
hours pre-streak) blastoderms in ring culture [43], at posi-
tions widely divergent from the expected site of streak
formation, as judged from the developing PMZ anatomy
(Fig. 6b). Effects were assessed after a further 18–24 hours
in the fully formed streak stage (Table 1). Untransfected
cell grafts and those transfected with vector alone
appeared to be without effect, with streaks developing
from the originally expected site allowing for our limited
accuracy in estimating the developing PMZ centre (Fig.
6c). However, both cBVg-transfected and native cVg-trans-
fected grafts frequently disturbed the course of develop-
ment. A single streak often formed at graft sites instead of
where it had been due to occur (Fig. 6d), and a smaller
number of blastoderms had two streaks, one emerging
from the graft site (Fig. 6e–i). In the latter case, both
streaks displayed the typical expression pattern of the
brachyury gene [44], which is specific to the entire chick
streak but also to an area of marginal zone epiblast and
mesenchymal mesoderm around the streaks posterior end
(Fig. 6h–j). ‘Re-positioned’ and second streaks also dis-
played typical focussed, anterior expression of goosecoid in
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Table 1
Effects of COS-7 cell grafts in chick blastoderms.
Unaffected Repositioned Double axes Total
Control* 24 2 – 26
Native construct 14 6 3 23
(cVg)
Chimeric construct 16 10 4 30
(cBVg)
*Untransfected cells, or cells transfected with vector alone.
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the nodes (Fig. 6f,g). Normal goosecoid expression at these
stages distinctively marks a group of cells specified to con-
tribute to the anteriormost part of the axial body plan.
These cells can themselves act as neural inducers/axial
organisers in later-stage grafting experiments [45].
These grafting experiments were performed on blasto-
derms at stages as close as possible to those when normal
axial induction is believed to occur, in an attempt to inves-
tigate possible functions of this gene at that particular
stage. This early culture limits the extent of subsequent
development attainable, particularly for twinned blasto-
derm patterns, as blastoderms cultured from prestreak
stages show delayed development and do not often
progress after 24 hours. These limitations have prevented
us from monitoring the completeness of the body patterns
using anatomical criteria and later gene markers, but the
normal expression patterns observed for brachyury, and
particularly for goosecoid, suggest that these experimental
streaks are complete in pattern, and in principle would
continue normal development.
Various members of the TGFb superfamily can bind to
and signal through some of the same serine/threonine
kinase receptors, so our results could be due to activation
of a signalling pathway triggered by a different molecule
in normal development. We have confirmed (by northern
blotting; data not shown) that activin B RNA is also
present in the early blastoderm [7], though in trace
amounts compared with Vg1 RNA. Recent work in
Xenopus argues strongly, however, that the primary induc-
tive role in vivo is played not by activin but by a closely
related ligand [5]. The implantation of activin-expressing
cells into chick blastoderm also leads to streak-like forma-
tions, but unlike those of the present experiments, these
are frequently diffuse in character and may lack the
normal anteriormost region [23,44]. This is in keeping
with the lesser effectiveness of activin, and indeed of Vg
ligand secreted freely under the control of an activin pro-
region, noted above in the Xenopus assays. We propose
that Vg1 shares with certain other TGFb relatives an inti-
mately cell-associated mode of secretion or presentation
that is important to its function in mediating local spatial
organization. In normal development, this could be fur-
thered by a restricted localization of the necessary pro-
peptide processing machinery. Other explanations for
failure to detect processed peptide in vivo are also possi-
ble; for example, a very short half-life of this peptide could
play a role in the focussing of developmental signal.
Conclusions
On the basis of its early expression pattern, other properties
and experimental results described here, we propose that
Vg1 may be part of a conserved mechanism for the position-
ing and preliminary patterning of the vertebrate embryo
axis. The position and orientation of streak formation
establish the whole fate map for subsequent development
in amniote vertebrates, where much tissue is assigned to
extra-embryonic structure. Fundamental re-siting of
streak formation will therefore have involved formation of
the embryo itself largely from cells other than those that
would have formed it in absence of the graft. The rela-
tively wide and graded sector of expression of cVg1 at early
blastoderm stages is consistent with our knowledge that
initial axial-inducing activity is not sharply localized, but
develops over a broad sector which progressively refines
itself to the position where the streak develops [20,22,39].
The previously mentioned mechanisms, of possible
further signal localization in relation to transcription, could
play roles in this, but unravelling the molecular biology of
such progressive competition and spatial refinement is a
future challenge. Subcellular localization of Vg1 message,
mediated by the 3′ tail in the case of the Xenopus gene
[11,12], could be irrelevant in amniote development
where even the first step in axial orientation is delayed
until the conceptus is a multicellular structure.
Early roles related to that proposed here for Vg1 have been
proposed for genes of the related but distinct nodal group
[24,25,28,29]. Expression data in chick and Xenopus, where
both Vg and nodal genes are now characterized [26,27],
now indicate that their roles differ at both pre-axial and
later stages. The loss of nodal function in mouse appears
to allow formation of some mesoderm of unclear specifica-
tion but prevents the formation or maintenance of a streak
or node [24]. Rapid occurrence of several signalling steps
might be expected in a cascade underlying axis formation:
for example, Vg might act just prior to nodal, so that loss of
Vg function would result in abolition of all mesoderm
induction. It will be of great interest to identify any mouse
Vg orthologue, and to establish from experiments in
several vertebrate embryo types whether steps mediated
by Vg and nodal are alternative or successive requirements
near the beginning of development.
Materials and methods
Embryos and culture conditions
Xenopus embryos were obtained and cultured according to standard
techniques. Chicken eggs (Poyndon farm, Cuffley, Hertfordshire, UK)
were incubated at 38.5 °C to obtain the desired stages.
Induction of second axes in Xenopus embryos by cVg1
Ventral marginal blastomeres of 32–64 cell Xenopus embryos were
injected with 10–60 pg of capped RNA synthesized from a construct
containing the sequences coding for the complete cVg open reading
frame (nucleotides 56–1207), or from the chimeric construct cBVg,
where the sequences coding for the amino-terminal pre-pro region and
processing site of chick BMP-4 (nucleotides 1–873) [46] were joined
in frame to the sequences coding for the carboxy-terminal mature chick
Vg1 peptide (nucleotides 843–1207). The comparable Xenopus
activin Vg1 chimera (xAVg) [15] was also used.
Northern blots
A northern blot of total RNA isolated from whole chick embryos (20mg
per lane), was hybridized with a riboprobe specific for cVg1 (nucleotides
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292–1280), then with a riboprobe for chicken GAPDH as loading
control. For methods, see [47].
Western blots
Whole chick embryo protein extracts were resolved under reducing con-
ditions by 15 % SDS–PAGE (50 mg per lane), electroblotted onto nylon
membranes, and probed with a monoclonal antibody raised against the
mature region of Xenopus Vg1 (FC.14F6; [8]) following the method
described in that paper. Antibody binding was detected using an horse-
radish peroxidase (HRP)-conjugated secondary antibody, by chemilumi-
nescence (Amersham). A similar western blot of protein extracts from
transfected COS-7 cells was probed in the same manner with a rabbit
polyclonal antibody raised against the mature region of Xenopus Vg1 [8].
Wholemount in situ hybridization
Digoxigenin-labelled riboprobes were prepared from several templates
encompassing most of the cVg1 cDNA, and wholemount in situ
hybridizations with these and with a chick goosecoid probe were per-
formed as described [48]. In all cases, embryos of equivalent stages
were hybridized with a sense control probe and no signal was detected.
Following colour development, the embryos were washed, dehydrated
and wax-embedded via tetrahydronaphthalene (to conserve signal), for
serial sectioning at 8 mm to examine tissue distribution of expression.
Immunohistochemistry
Wholemount immunostaining with the anti-Vg1 monoclonal antibody
(FC.14F6) [8] and with a brachyury-specific polyclonal antibody [44]
on whole chick embryos was performed as described [44]. Primary
antibodies were used at a dilution of 1:400, and secondary antibodies
were, respectively, HRP-conjugated sheep anti-mouse and donkey anti-
rabbit (Amersham), each at 1:250 dilution.
Radioactive in situ hybridization
A 35S-labelled riboprobe was prepared from the template used in the
northern blot and hybridized to sections of early chick embryos as
described [47]. Equivalent sections were hybridized with a sense
control probe.
Induction of second axes in chick embryos by cVg1
COS-7 cells were transfected with the constructs coding for the native
and chimeric forms of cVg1 subcloned into a eukaryotic expression
vector, pcDNA3 (Invitrogen), or with vector alone as a control. LipofectA-
MINETM (GibcoBRL) was used according to manufacturers protocols as
transfection agent. After overnight incubation, transfected cells were cul-
tured in hanging drops for a further 24 h, the resulting cell pellets cut to
size and grafted on pre-streak stage XI–XII blastoderms [31] in ring
culture [43]. Grafts were pressed into the basal epiblast surface on the
marginal zone of blastoderms in culture, at wide angular distances from
the host developing posterior marginal zone (Kollers sickle or nascent
hypoblast), behind which Afigel-blue beads were placed as future refer-
ence mark (see Fig. 6b). Blastoderms were then incubated for 18–24 h.
Accession code
The Genbank accession code for cVg1 is U73003
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